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(57) A blofluld drop ejection unit for ejecting biofluid 
drops. A biofluid drop ejection mechanism of such a unit 
Includes a transducer, which generates energy used to 
emit the blofluld drop. Further provided is a reagent car- 
tridge or biofluid containment area which holds the bl- 
ofluld. The reagent cartridge or biofluid containment ar- 
ea is configured to hold low volumes of biofluid and to 
avoid contamination of the biofluid. The reagent car- 
tridge or blofluld containment area Is In operational con- 
nection with the drop ejection mechanism such that up- 
on operation of the drop ejection mechanism, biofluid 
drops are emitted. The biofluid drop ejection mechanism 
is a high efficiency device, and may be configured as 
two separate pieces or as a single disposable unit. 
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Description 

Background of the Invention 

[0001 ] The present Invention is directed to devices for 

ejecting biofluid drops, and more particularly to such de- 
vices designed to maximize usage efficiency and elim- 
inate unintended contamination of the biofluid drops be- 
ing ejected from the devices. 
[0002] In existing drop ejection devices attention to 
fluid contamination has not been a high priority. For ex- 
ample, in the printing industry issues of contamination 
have focussed on avoiding unwanted mixing between 
different inks, in order to maintain intended ini< color, and 
stopping debris from falling into the ink. However, In oth- 
er environments avoiding contamination of the ejected 
fluid is a critical consideration. For example, many bio- 
logical, genetic, phannaceutical, medical, among other 
scientific tests, employ sequences or arrays of biofluid 
drops upon whteh the tests are to be perfomied. In these 
experiments, contaminated drops would result In unre- 
liable, and therefore unusable test results. 
[0003] In some testing applications several thousand 
biofluid drops are deposited onto a single substrate in 
the form of a biological assay. These biological assays 
will each contain a variety of unique biofluids. For ex- 
ample, in current biological testing for genetic defects 
and other biochemical aberrations, thousands of the in- 
dividual fluids are placed on a glass substrate at differ- 
ent well-defined locations. Thereafter, additional depos- 
iting fluids may be deposited on the same locations. This 
printed biological assay is then scanned with a laser In 
order to observe changes in a physical property. In these 
situations, it is critical the drop ejection device not be a 
source of contamination or pennit cross-contamination 
between biofluids. Thus, while existing drop ejection de- 
vices commonly employ a single fluid reservoir for mul- 
tiple ejector mechanisms, this may not be an acceptable 
design for a drop ejection device emitting biofluids. 
[0004] Further, the biofluids used in such experiments 
are extremely costly In many existing drop ejection de- 
vices the volume of fluid in the reservoir and ejector as- 
sembly are much larger than what is required for making 
a biological assay. This unnecessary use of biofluids re- 
sults in an increased cost of thetest. Thus, existing proc- 
esses for generating these testing sequences or arrays 
are time consuming, wasteful of the biofluids, of limited 
accuracy and economically expensive. 
[0005] it has, therefore, been detennined to be desir- 
able to provide a biofluid drop ejection mechanism 
which avoids contamination between the drop ejection 
mechanism and the biofluids, as well as cross-contam- 
ination between different biofluids. It is also considered 
desirable to provide a mechanism which is capable of 
delivering microvolumes of biofluid in a highly precise 
and efficient manner, and with differing amounts of vol- 
ume dependant upon the biofluid being deposited and/ 
or the intended use of the ejected drop. 



Summary of the Invention 

[0006] A biofluid drop ejection unit for ejecting biofluid 
drops. A biofluid drop ejection mechanism of such a unit 

5 includes a transducer, which generates energy used to 
emit the biofluid drop. Further provided is a reagent car- 
tridge or biofluid containment area which holds the bi- 
ofluid. The reagent cartridge or biofluid containment ar- 
ea is configured to avoid contamination of the biofluid 

10 used to eject the biofluid drops. The reagent cartridge 
or biofluid containment area is in operational connection 
with the drop ejection mechanism such that upon oper- 
ation of the drop ejection mechanism, biofluid drops are 
emitted. The drop ejection mechanism may be config- 

15 ured as a single piece disposable devtoe with the biofluid 
containment area and transducer Integrated, as well as 
a two-piece device with a transducer separate from a 
disposable cartridge. 

In a further embodiment the low volume of biofluid Is of 
20 a sufficiently low level such that the single disposable 
unit Is depleted prior to the nozzle becoming clogged. 
In a further embodiment of the unit defined in claim 9 
the biofluid ejection mechanism and the reagent car- 
tridge are configured as a single disposable unit. 
25 [0007] In a further embodiment the biofluid ejection . 
mechanism and reagent cartridge are separate compo- 
nents, with the reagent cartridge configured to be dis- 
posable and the biofluid ejection mechanism configured 
to be reusable. 

30 In a further embodiment the biofluid drop ejection mech- 
anism is an acoustic drop ejection mechanism. 
In a further embodiment the biofluid drop ejection mech- 
anism is a piezoelectric drop ejection mechanism. 
In a further embodiment the unit further includes a cou- 

35 piing layer between the biofluid ejection mechanism and 
the reagent cartridge. 

In a further embodiment the coupling layer is at least 
one of a connecting fluid and a connecting grease, and 
one of the connecting fluid and connecting grease ena- 

40 ble energy transmission from the biofluid ejection mech- 
anism to the biofluid in the reagent cartridge. 
In a further embodiment a controllable power source 
con nected to the transducer is provided, wh erein chang- 
es to the variable power source changes the energy 

45 generated by the transducer. 

In a further embodiment the biofluid drop ejection mech- 
anism includes: a substrate attached to the transducer, 
wherein the energy generated by the transducer is 
acoustic energy transmitted through the substrate; a 

50 lens mechanism positioned in relationship to.the trans- 
ducer, to receive and focus the acoustic energy at a focal 
point at a surface of the biofluid held within the reagent 
cartridge, wherein the focused acoustic energy causes 
the drops of biofluid to be emitted. 

55 In a further embodimentthe lens mechanism is attached 
to a surface of the substrate opposite that of the surface 
attached to the transducer. 

In a further embodiment the lens mechanism is attached 
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to the reagent cartridge. 
In a further embodiment the lens mechanism is at least 
one of a fresnel lens mechanism and a curved lens 
mechanism. 

In a further embodiment the drop ejection mechanism s 

is a piezoelectric drop ejector Including, 

the transducer being a ptezo actuator; 

the reagent cartridge having at least one surface 
with a first flexible membrane, which is in operative con- 
nection with the piezoelectric transducer; and 

a nozzle in operative connection with the reagent 
cartridge and positioned In relationship to the piezoelec- 
tric transducer such that action of the piezoelectric 
transducer causes the biof luid to be emitted through the 
nozzle as the biofiuid drops. 
In a further embodiment the reagent cartridge is config- 
ured as a disposable component and the piezoelectric 
mechanism is configured as a reusable component, 
having a second flexible membrane in operative con- 
nection to a surface of the piezoelectric transducer. 
In a further embodiment the emitted biofiuid drops are 
part of a biological assay. 

In a further embodiment the reagent cartridge has a top- 
sealed surface, wherein the sealed surface is opened 
prior to operation of the biofiuid drop ejection mecha- 
nism. 

In a further embodiment a surface of the reagent car- 
tridge from which the biofiuid drops are emitted can be 
either completely open or contained by a lid with an ap- 
propriately sized orifice, the orifice being larger than the 
ejected drop size, and small enough to where a surface 
tension of the biofiuid across the orifice sufficiently ex- 
ceeds the gravitational force to prevent the biofiuid from 
falling from the reagent cartridge when the reagent car- 
tridge is placed with the orifice facing down. 
In a further embodiment of the unit defined in claim 10 
the biofiuid ejection mechanism and the reagent car- 
tridge are configured as a single disposable unit. 
In a further embodiment the biofiuid drop ejection mech- 
anism is at least one of an acoustic drop ejection mech- 
anism having an aperture output and a piezoelectric 
drop ejection mechanism having a nozzle output. 

Brief Description of the Drawings 

[0008] 

FIGURE 1 depicts a reagent cartridge and drop 
ejection mechanism according to the teachings of 
the present invention; 

FIGURE 2 sets forth a cross-sectional view of the 
reagent cartridge inserted within an acoustic drop 
ejection mechanism; 

FIGURES 3A and 3B Illustrate a technique for in- 
serting and removing the reagent cartridge from the 
drop ejection mechanism; 
FIGURES 4A and 48 show capped reagent car- 
tridges; 
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FIGURE 5 is a reagent cartridge with an Integrated 
focusing element; 

FIGURE 6sets out an embodiment where the trans- 
ducer is located on a curved lens structure; 
FIGURE 7 depicts a single piece acoustic drop ejec- 
tion mechanism, including a configuration for isolat- 
ing the biofluids; 

FIGURES 8 and 9 are respective top and side views 
of an alternative two piece acoustic drop ejection 
mechanism; 

FIGURES 10 and 11 are respective top and side 
views of an alternative single piece acoustic drop 
ejection mechanism; 

FIGURES 12 and 13 depict a single piece piezoe- 
lectric drop ejection mechanism; 
FIGURES 14 and 15 Illustrate a two piece piezoe- 
lectric drop ejection mechanism; and 
FIGURE 16 sets forth a disposable primer connec- 
tion used in connection with the single and two 
piece piezoelectric drop ejection mechanisms. 

Detailed Description of Preferred Embodiments 

[0009] FIGURE 1 sets forth a two piece acoustic drop 
ejection unit 10 for ejecting biofluids (also called a rea- 
gent). In the present discussion, a biofiuid or reagent 
may be any substance used in a chemical reaction to 
detect, measure, examine or produce other substances, 
or is the substance which is to be detected, measured 
or examined. Unit 10 is configured to have a disposable 
portion including a reagent cartridge 1 2, and a reusable 
portion including an acoustic drop ejection mechanism 
14. in FIGURE 1, reagent cartridge 12 is shown re- 
moved from ejection mechanism 14. In practice, reagent 
cartridge 12 is inserted within ejection mechanism 14. 
[0010] Reagent cartridge 12 is configured In such a 
manner that biofiuid contained therein is isolated from 
the drop ejection mechanism 14 to avoid contamination. 
The cartridge 12 is constructed as a biochemically inert 
chamber that contains a quantity of the biofiuid. Car- 
tridge 12 and ejection mechanism 14 are precisely 
aligned in relationship to each other to achieve stable 
drop ejection and to precisely locate ejected biofiuid 
drops at a desired position on a substrate. 
[0011] Turningto FIGURE2, depicted is a cross-sec- 
tional view of reagent cartridge 12 inserted within acous- 
tic drop ejection mechanism 1 4. A transducer 1 6 is sup- 
plied with energy by power supply source 1 8. Transduc- 
er 16 is provided on a surface of substrate 20, which in 
one embodiment may be made of glass. Patterned or 
located on an opposite surface of substrate 20 is a fo- 
cusing lens configuration 22 such as a Fresnel lens. It 
is to be appreciated that other types of focusing config- 
urations may also be used in place of the Fresnel lens. 
[0012] An acoustic coupling layer 24, which may be 
an acoustic coupling fluid, is located between Fresnel 
lens 22 and reagent cartridge 12. The acoustic coupling 
fluid 24 is selected to have low acoustic attenuation. 
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One type of acoustic coupling fluid having beneficial 
acoustic characteristics for this application Is water. 
[0013] In an alternative embodiment, connecting lay- 
er 24 may be a thin layer of grease. The grease connec- 
tion will be useful when the Joining surfaces are relatively s 
flat in order to minimize the possibility of trapped bub- 
bles. 

[0014] On top of substrate 20 are walls 26, 28 which 
define Interior chamber 30 within which reagent car- 
tridge 1 2 is located. Side wall 31 of cartridge 1 2 includes 
a seal 32 extending from its outer surface. Seal 32 se- 
cures cartridge 12 within chamber 30 and maintains 
acoustic coupling fluid 24 below seal 32. A precision 
depth stop 34 holds cartridge 12 at a desired insertion 
location. A thin membrane 36 is formed on a lower sur- 
face 37 of cartridge 12, positioned substation ally above 
Fresnel lens 22. IVIembrane 36 is an acoustically thin 
membrane, wherein acoustically thin Is defined In this 
context to mean that the thicl^ness of the membrane is 
small enough that It passes over 50% of Its incident 
acoustic energy through to blofluid 38 within cartridge 
12. 

[0015] In operation, energization of transducer 16 
emits an acoustic wave which travels through substrate 
20 to Fresnel lens 22. The lens produces a focused 
acoustic energy wave 39 that passes through acoustic 
coupling fluid 24 and membrane 36, reaching an apex 
at blofluid meniscus surface 40 of blofluid 38. Supplying 
of the focused energy to surface 40, causes disruptions 
In the surface, resulting in ejection of a blofluid drop 42 
from the cartridge 12 to substrate 43. The biofluid drop 
ejected can be as small as approximately 15um in di- 
ameter. However, this size limitation is based on the 
physical components used, and It is to be understood 
that drops ejected by an acoustic drop ejection unit can 
be made smaller or larger in accordance with design 
changes to the physical components. 
[0016] The surface from which blofluid drops 42 are 
ejected can be either totally open or contained by an 
aperture plate or lid 44. The lid 44 will have a suitably 
sized aperture 45, which Is larger than the ejected drop 
size In order to avoid any interference with drop ejection. 
Aperture 45 must be sized so that the surface tension 
of meniscus 40 across aperture 45 sufficiently exceeds 
the gravitational force, on biofluid 38. This design will 
prevent biofluid 38 from falling from regent cartridge 12 
when cartridge 12 Is turned with aperture 45 facing 
down. The aperture down configuration has a benefit of 
maintaining the biofluid 38 clean from material which 
may fall from substrate 46, which may be paper, glass, 
plastic or other appropriate material. 
[0017] Operation of transducer 1 6, power supply 18, 
substrate 20, and lens 22 function in a manner similar 
to previously discussed drop ejection units used in the 
field of acoustic ink printing. Such operation is welt 
known in the art. 

[001 8] The foregoing design isolates biofluid 38 within 
reagent cartridge 1 2, preventing it from coming into con- 



tact with drop ejection mechanism 14, or other potential 
fomris of contamination, such as airborne contamination 
or contamination from bloflulds previously used with the 
ejection mechanism. Reagent cartridge 12 is separated 
from acoustic coupling fluid 24 by membrane 36. The 
entire cartridge may be injection molded from a biolog- 
ically inert material, such as polyethylene or polypropyl- 
ene. Cartridge 12 Is operationally linked to the acoustic 
drop emitter mechanism 14 by a connection interface 
which includes membrane 36 and acoustic coupling flu- 
id 24. 

[0019] In a specific design of the present invention, 
the width of reagent cartridge 12 may be approximately 
300 microns, and membrane 36 may be 3 microns thick. 
In this particular embodiment, with a design constraint 
of a focal acoustic wave length being 300 microns and 
at an operating frequency of known acoustic drop ejec- 
tion mechanisms, the meniscus location should be 
maintained within plus or minus five microns from an 
ideal surface level. 

[0020] Power source 1 8 Is a controllably variable. By 
altering the output of power source 1 8, energy generat- 
ed by transducer 16 is adjusted, which In turn may be 
used to alter the volume of an emitted biofluid 42. 
[0021] Turning to FIGURES 3A and 3B, as previously 
noted, the present embodiment is a two piece unit. 
Therefore, a design feature is that reagent cartridge 12 
may be removed and a new reagent cartridge 12 Insert- 
ed. FIGURE 3A, depicts reagentcartridge 12 within drop 
ejection mechanism 14. One manner to remove car- 
tridge 12 is accomplished by having designed the car- 
tridge with a molded lip 47 connected to cartridge flang- 
es 48. Once a cartridge Is depleted of blofluid or other- 
wise is no longer to be used. It may be removed by lifting 
molded lip 47 with, an upward force from the acoustic 
drop emitter mechanism 14 as shown in FIGURE 3B. In 
this embodiment, sidewalls 26, 28 are formed with 
notches 50 to receive the molded lip portion 47. It is to 
be appreciated that other designs may be implemented 
to accomplish the removal of a cartridge. The attach- 
ment of molded lip 47 to cartridge 12 may be accom- 
plished after fonrtation of the cartridge, or altematively, 
may be part of the injection molding process for con- 
struction of the main body of cartridge 12. 
[0022] With attention to FIGURES 4A and 4B, while 
in the prior figures reagent cartridge 1 2 has been depict- 
ed as having an open upper surface, to avoid contami- 
nation, the cartridge may be formed with a cap or sealing 
layer such as 52 of FIGURE 4A or cap structure 54 of 
FIGURE 48. In FIGURE 4A, cap 52 may be ultrasoni- 
cally bonded to the cartridge 12. In this situation, it will 
be necessary to provide some sort of opening device 
such as a skiving knife 56 for removal of cap 52. Re- 
moval of cap 52 Is preferably accomplished prior to in- 
sertion of cartridge 12 within acoustic drop ejection 
mechanism 14, however. In some situations removal af- 
ter insertions may also be useful. 
[0023] Alternatively, cap 52 may be a thin film material 
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having selected placement of adhesive. Film cap 52 will 
be removed by a pulling force which may be accom- 
plished by human action or via automation. As a further 
altemative a press fit cap 54 such as shown in FIGURE 
4B may be implemented, wherein seal 32 is used to en- 
gage the press fit cap 54 in a secure relationship. When 
cap 54 is to be removed, upward pressure is applied to 
the press fit cap. 

[0024] Turning to FIGURE 5, It is noted that in previ- 
ous embodiments lens an^angement 22 was located on 
the upper surface of glass substrate 20, and therefore 
is a part of the reusable portion of unit 10. However, in 
an altemative embodiment, a lens 56 may be configured 
as a surface of regent cartridge 12. Such an embodi- 
ment Is achieved by use of a precision molding process 
for the molding of cartridge 12. 
[0025] In FIGURE 6, a further embodiment of the 
present invention has transducer 16 fomied on a lens 
structure 58. In this configuration the power density on 
the transducer is lower compared to the standard case 
when the transducer Is on a flat surface. Therefore, a 
higher power can be applied to the transducer without 
destroying it due to excessive power. This configuration 
is particularly useful when the biofluid to be ejected is 
very viscous or othenvise requires a large amount of 
acoustic power to eject the biofluid drops. In this embod- 
iment an additional lens 59 may be provided near the 
biofluid. Under this design the drop ejection unit is a sin- 
gle disposable device. Alternatively the unit of FIGURE 
6 may also be designed as a two-piece unit. For exam- 
ple tens 56 in FIGURE 5, may be used with lens 58 to 
provide further focusing of the acoustic energy. The 
curved lens elements 56, 58 and 59 may be a Fresnel 
lens. 

[0026] Turning to FIGURE 7, shown is a single piece 
biofluid acoustic ejection unit 60. Components similar to 
the ejection mechanism 14 of FIGURE 2, operate In a 
similar manner and therefore will not be discussed In 
detail. Distinctions between the two piece biofluid drop 
ejection unit 1 0 and the single piece unit 60, include that 
seal 32 of reagent cartridge 1 2 is no longer used. Rather, 
reagent cartridge 62 has side wail 64, with a planar ex- 
ternal surface 66 In direct contact with walls 26,28 of 
mechanism 14. Therefore, a pennanent connection is 
made between walls 26, 28 to reagent cartridge 62, 
Such connection may be made during the manufacture 
of the device via lithographic techniques and/or by use 
of known adhesion technology. In a further embodiment, 
lower surface 68, Including membrane 70, may be re- 
moved, allowing biofluid 38 to come into direct contact 
with lens 22. Still a further embodiment would be to re- 
move cartridge 62 and supply the biofluid directly into 
chamber 30, where chamber 30 acts as' a non-contam- 
inated biofluid containment area. Under these designs, 
chamber 30 would be filled with biofluid in a contamina- 
tion free environment. 

[0027] It is to be appreciated that the reagent cartridg- 
es shown In the foregoing embodiments are simply rep- 



resentative designs of such a component, and that there 
are many possible variations to the cartridge configura- 
tion. 

[0028] For example, FIGURES 8 and 9 are top and 

5 side views, not to scale, of a two piece drop ejection unit 
80 employing an alternative reagent cartridge 82 con- 
figuration. In addition to ejection reservoir 84 which 
holds biofluid 38 which is to be directly ejected, a main 
reservoir 86 is also provided to feed the ejection reser- 

10 voir 86. A connection path between the ejection reser- 
voir 84 and main reservoir 86 is provided via reservoir 
connect 88. In this design, as biofluid 38 is ejected from 
ejection reservoir 84, additional biofluid 38 is supplied 
via the main reservoir 84 and resen/oir connect 88. 

15 [0029] FIGURE 9 depicts a side view of reagent car- 
tridge 82, in operational arrangement with acoustic drop 
ejection mechanism 90. Particularly, it Is shown that 
ejection reservoir 84 is located over lens 22, glass sub- 
strate 20, and transducer 16 in a manner which allows 

20 generated acoustic energy to be focused, and trans- 
ferred to the ejection reservoir 84 with sufficient energy 
to emit biofluid drops. In implementing this two piece de- 
sign, connecting layer 24, such as an acoustic coupling 
fluid is provided, and a bottom portion of cartridge 80 is 

25 fomned with a membrane 92, to allow sufficient acoustic 
energy to be transferred to the ejection reservoir 84. 
[0030] Capillary action assists in pulling biofluid from 
main reservoir 86 to ejection reservoir 84, In an initial 
filling operation when main and ejection resen/oirs are 

30 empty. However, once the unit Is primed and filled to the 
bottom of aperture 45, a restoring force/surface tension 
of meniscus 40 is used to pull the biofluid from the main 
reservoir 86 to the ejection reservoir 84 as drops are 
ejected. To provide sufficient surface tension at the ap- 

35 erture45, it is important to have aperture 45 much small- 
er than filling port 94, so as to avoid a competitive sur- 
face tension of filling port 94. The surface tension force 
of aperture 45 must also be larger than the gravity effect 
over the height of the stmcture. By properly balancing 

40 these forces, the aperture surface tension continues 
pulling biofluid into the ejection reservoir 84, to maintain 
it full, until the main reservoir 86 is depleted. 
[0031] Turning to FIGURES 10 and 11 , Illustrated Is 
an alternative embodiment for a single piece acoustic 

45 drop ejection unit 100. In this figure, ejection reservoir 
1 02 and main reservoir 1 04 are placed In fluid commu- 
nication by reservoir connect 1 06. Biofluid 38 is supplied 
from main reservoir 104 to ejection reservoir 102 in the 
same manner as discussed In connection with FIGURE 

50 9. 

[0032] Transducer 16 is in operational connection to 
a first surface of substrate 107, and lens arrangement 
22 is integrated on a second surface of membrane 108, 
whereby these components are fonned as part of the 
55 single unit 1 00. In this embodiment, connecting layer 24 
of FIGURE 9 is not required dueto the single component 
disposable nature of the present embodiment, in ejec- 
tion reservoir 1 02, biofluid comes into direct contact with 
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lens arrangement 22. Main resen/oir 104 is filled through 
filling port 109, 

[0033] Turning to FIGURES 12 and 13, set forth are 
side and top views of a single piece disposable piezoe- 
lectric drop ejection unit 110. Ejection reservoir 112 is s 
connected to main reservoir 114 via reservoir connect 
116. Biofluid is supplied to main reservoir 114 via filling 
port 11 8. A piezo actuator 120 is in operational connec- 
tion to a lower surface 122 of ejection reservoir 112. An 
upper surface defining the ejection reservoir 112 has 
formed therein an ejection nozzle 124. A power supply 
130 is connected to piezo actuator 120. 
[0034] In operation piezo actuator 120 is actuated by 
power supply 130, which in combination with lower sur- 
face 122 comprises a unimorph configuration which 
generates a deflection force in response to an applied 
voltage. The deflection force is imposed such that the 
unimorph configuration moves into ejection reservoir 
112, thereby altering the volume of ejection reservoir 
112, which in turn forces biofluid from the ejection res- 
ervoir 122 through nozzle 124 as an ejected biofluid 
drop. The size of nozzle 1 24 Is a controlling factor as to 
the size of the ejected drops. 
[0035] As biofluid drops are emitted from ejection res- 
ervoir 112, surface tension In the ejection reservoir 
causes biofluid located In main reservoir 114 to be 
drawn through reservoir connect 116 into ejection res- 
ervoir 112, thereby replenishing the biofluid level. Simi- 
lar to the discussion in connection with FIGURE 9, suf- 
ficient surface tension is obtained byta}<ing into account 
the size of filling port 1 1 8 and the effect of gravity over 
the height of the structure. In the present embodiment, 
main reservoir 1 1 4 has an internal dimension of 1 cm in 
length and 2.5 mm in height. The width of the overall 
piezoelectric drop ejection unit is 5 mm, as shown in 
FIGURE 13. This smalt size allows for the aggregation 
of large numbers of ejectors in a system configuration 
to print multiple biofluids. 

[0036] As can be seen in FIGURE 12, lower surface 
122 connected to piezo actuator 120 is Integrated into 
the overall piezoelectric drop ejector unit 1 1 0. Under this 
construction when biofluid of unit 1 1 0 is depleted the en- 
tire unit 110 may be disposed, 
[0037] FIGURES 14 and 15, show side and top views 
of a two piece piezoelectric biofluid drop ejection unit 
140 having a disposable portion and a reusable portion. 
The disposable portion includes a reagent cartridge 1 42 
which has integrated therein an ejection nozzle 144, and 
an ejection reservoir 1 46, connected to a main reservoir 
1 48 via a resen/oir connect 1 50. Transmission of biofluid 
from main reservoir 148 to ejection reservoir 146, via 
reservoir connect 1 50 occurs by a capillary feed action. 
Also included is a filling port 152. 
[0038] The reusable portion of unit 140 includes ac- 
tuator 1 60 powered by a power supply source 1 62. The 
piezo actuator 160 is carried on a reusable frame 164. 
[0039] A flexible membrane lower surface 1 66, such 
as a thin layer of polyetholyne, polyemid, or other thin 



plastic, defines a portion of the ejection reservoir 146 
and is bonded to diaphragm upper surface 1 68 of reus- 
able frame 164. Diaphragm 168, which in one embodi- 
ment may be stainless steel, is bonded or otherwise 
connected to piezo actuator 160 such that diaphragm 
1 68 acts as part of a unimorph stmcture to create a nec- 
essary volume change within ejection reservoir 146 in 
order to eject a biofluid drop from ejection nozzle 144. 
Flexible membrane 1 66 of cartridge 1 42 acts to transfer 
the volume change In the reusable portion 1 64 into the 
disposable portion. 

[0040] In a further embodiment, the reusable portion 
has flexible diaphragm 1 68 with a piezo actuator on one 
surface to generate the volume displacement necessary 
to expel a biofluid drop. A container may be fabricated 
to place a connecting liquid In contact with the transduc- 
er/diaphragm. This liquid assists In transmitting the 
transducer-induced volume changes to a membrane on 
a different container surface. The container edges are 
constructed to make a hermetic seal between the reus- 
able and the disposable parts. TTie container has a pro- 
vision for removing (bleeding) air bubbles from the con- 
necting liquid. The opposite surface is open before as- 
sembling with the disposable part. 
[0041] A hermetic seal is provided between the dis- 
posable and reusable portions, and the reusable portion 
is filled with a very thin connecting liquid to transmit the 
volume changes from the transducer to the disposable 
portion. To minimize compliance and absorption of vol- 
ume changes, all air bubbles in this fluid are removed 
before operation by bleeding them through a bleeding 
mechanism in the reusable portion. Alternatively, Inti- 
mate physical contact may be used, such as by appli- 
cation of grease or other material. Connection may also 
be made by use of a vacuum operation which couples 
the elements together. 

[0042] One st<illed In the art would understand that 
other piezo actuator configurations, such as bulk or 
shear mode designs, may also be used In conjunction 
with the present invention. 

[0043] The disclosed biofluid drop ejection units will 
function using small amounts of biofluid within the main 
reservoir and the ejection reservoir. For example, the 
main reservoir may in one instance, when full, contain 
anywhere from 50 to 150 microliters of biofluid where 
the ejection reservoir, when full, holds anywhere from 5 
to 25 microliters. Thus, it can be seen that operation of 
the described ejector units are possible using very low 
volumes of biofluid. The biofluid drops themselves may 
be in the picoliter range. This is a valuable aspect of 
these ejector units due to the high cost for many of the 
biofluids which will be used. Also, since very small vol- 
umes of biofluid are required, the use of disposable ejec- 
tor units become an attractive option. 
[0044] It is to be appreciated that the described units 
also operate at a high efficiency whereby little waste of 
the biofluids will occur. This is both due to the operation- 
al aspects of the units themselves and to the fact that 
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small volumes of blofluid are necessary to operate the 
units. Partlculariy, If any waste does exist within the sys- 
tem, due to the small amount of biofluid originally used, 
high efficiencies in operation are nevertheless achieva- 
ble. In one preferred embodiment high efficiency Is de- 
fined as use of 80% or more of the blofluid under normal 
operation. 

[0045] While the foregoing discussion stated there 
would be 50-150 microliters in the main reservoir, and 
5-25 microliters In the ejection reservoir, these amounts 
may vary dependant on the drop size being used, the 
amount of printing to be undertaken, the types of bloflu- 
ids to be used, as well as other parameters. 
[0046] A ratio from 2 to 1 to a 1 0 to 1 of biofluid volume 
in the main reservoir and the ejector reservoir is a pre- 
ferred range. This range permits usable surface tension 
for the drawing of biofluid in certain disclosed embodi- 
ments, while also using the small volumes desired. 
However, it is possible that larger ratios may also be 
used dependent upon factors including the cost of the 
biofluid, and the intended use of the ejectors. 
[0047] FIGURES 7, 11 , 12 and 13, disclose disposa- 
ble drop ejection units which include the aspects of low 
biofluid volume usage, along with a high efficient use of 
the biofluid. An additional aspect related to the dispos- 
able feature is a benefit obtained in avoidance of con- 
tamination. Since the units are disposable, and there- 
fore low-cost, contamination can be avoided simply by 
disposing of the entire mechanism as opposed to main- 
taining certain parts of the mechanism which require 
cleaning operations. Further, the disposable nature and 
low volume of biofluid will also, for the piezoelectric drop 
ejection mechanisms, avoid issues as to nozzle clog- 
ging. It is to be understood that the longer the nozzle is 
used, the more lil<ely ciogging will occur. This, in actual 
practice, may lead to undesirable satellite drops of bi- 
ofluids landing at improper locations thereby causing 
contamination of the output results. 
[0048] In piezoelectric drop ejection mechanisms ini- 
tial operation may not produce intended drop output. 
Particularly, when air bubbles exist within the ejection 
reservoir, non-spherical drops, or drops which are not 
of a properconsistency or size maybe ejected and more 
likely no drops will be produced. Therefore, a priming of 
the ejection unit is desirable. 
[0049] FIGURE 16 illustrates a primer connection 170 
which may be used in accordance with the present in- 
vention. As shown in FIGURE 1 6, the primer connection 
1 70 Is located over a nozzle (1 24, 144) which is config- 
ured to emit biofluid from an ejection reservoir (112, 
146). In operation, primer connection 170 may be a ro- 
boticly actuated device which moves over an ejection 
nozzle (124/144). The primer connection 170 includes 
a pemianent nozzle 172 connected to a vacuum unit 
174. Placed around pemianent nozzle 172 is a dispos- 
able tubing 1 76 made of an elastomaric or other suitable 
connection material. Once located over ejection nozzle 
(124, 144), the vacuum nozzle 1 72 Is moved downward, 



placing the disposable tubing 176 into a loose contact 
with nozzle (124, 144). Vacuuming action vacuums air 
out of the ejection reservoir (112,146). A liquid height 
detection sensor 178 detenmines when the biofluid has 

5 reached a level within the disposable tubing (1 24, 1 44), 
such that it Is ensured air within the ejection reservoir 
has been removed. This priming operation permits prop- 
er initial drop ejection operation. 
[0050] While in the foregoing discussion an aperture 

io plate or lid 44 is shown as being used In connection with 
the acoustic drop ejection mechanisms, the invention 
may also be employed where the aperture plate of lid 
44 is not used. These embodiments may clearly be un- 
derstood by removal of the aperture plate or lid 44 

is shown in the foregoing figures. It is intended that the 
present application covers such embodiments. 
[0051] It is to be appreciated that while the forgoing 
description sets forth embodiments for acoustic drop 
ejection units and piezoelectric drop ejection units, the 

20 concepts of the present invention may be equally ex- 
tended to other drop ejection mechanisms and for fluid 
other than biofluids for which avoidance of contamina- 
tion is beneficial, such as printing of inks where isolation 
from other inks is desirable. Also, the individual ejectors 

25 are of a small enough size to make practical the intend- 
ed use In multi-ejector systems. Such systems would 
include a drop ejector head having from a hundred to a 
thousand or more individual drop ejectors. 

30 

Claims 

1. A biofluid drop ejection unit for ejecting biofluid 
drops comprising: 

35 

a biofluid containment area for holding a low 
volume of biofluid; and 

a transducer Integrated with the biofluid con- 
tainment area as a single disposable unit, the 
40 transducer configured to eject drops of biofluid 

from the blofluid containment area. 

2. The invention according to claim 1 wherein the bi- 
ofluid containment area includes a main reservoir 

45 and an ejection reservoir. 

3. The invention according to claim 2 wherein an ap- 
erture of the ejector resen/oir is sized relative to an 
opening of a fill port of the main reservoir and a 

50 height of the ejector reservoir and main reservoir 
such that a surface tension of the aperture draws 
biofluid from the main resen/oir to the ejector reser- 
voir. 

55 4. The invention according to claim 2 further including 
a nozzle positioned over the ejector reservoir, and 
sized relative to an opening of a fill port of the main 
reservoir and a height of the ejector reservoir and 
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main reservoir such that a surface tension of the 
nozzle draws biofiuid from the main reservoir to the 
ejector reservoir. 

5. The Invention according to claim 2 wherein the main 5 
reservoir is sized to hold at least twice as much bi- 
ofiuid and no more than ten times as much biofiuid 

as the ejector reservoir 

6. The invention according to claim 2 wherein the main io 
reservoir contains between 50 to 150 microliters of 
biofiuid, when full, and the ejection reservoir con- 
tains between 5-25 microliters of biofiuid when full. 

7. The invention according to claim 2 wherein the low *5 
volumes of biofiuid used pennitfor a high efficiency 

of the biofiuid drop ejection unit, wherein high effi- 
ciency Is defined as using 80% or more of the bi- 
ofiuid under nomial operation. 

20 

8. The Invention according to claim 6 wherein the bi- 
ofiuid drop ejection unit Is a piezoelectric drop ejec- 
tion unit approximately 5mm in length, the size of 
the biofiuid drop ejection unit and the low volume of 
biofiuid used pennittlng aggregation of multiple bi- 25 
ofluid ejectors into a two-dimensional multi-ejector 
system. 



9. A biofiuid drop ejection unit for ejecting biofiuid 
drops, the unit comprising: 30 

a biofiuid drop ejection mechanism having a 
transducer which generates energy used to 
emit biofiuid drops; and 

a reagent cartridge holding a biofiuid, isolated 35 
from the drop ejection mechanism to avoid con- 
tamination between the biofiuid drop ejection 
mechanism and the biofiuid of the reagent car- 
tridge, the reagent cartridge connected to the 
drop ejection mechanism such that upon oper- 40 
ation of the drop ejection mechanism, the bi- 
ofiuid is emitted as the biofiuid drops. 



10. A biofiuid drop ejection unit for ejecting biofiuid 
drops, the unit comprising: 45 

a biofiuid drop ejection mechanism having a 
transducer which generates energy used to 
emit biofiuid drops; and 

a biofiuid containment area, holding the biofiuid so 
in a contamination-free state, the biofiuid con- 
tainment area connected to the drop ejection 
mechanism such that upon operation of the 
drop ejection mechanism, the biofiuid is emitted 
as the biofiuid drops. ss 
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